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NOTATION 


Dimensions 


1 - t 
1 - w. 


Blade-section  length  at  0.7  R 

Propeller  diameter 

Advance  coefficient  J * V./nO 

9 

2 5 

Torque  coefficient  Kq  = Q/pn  0 
Thrust  coefficient  Kj  = T/pn^D^ 

Loading  coefficient 
Revolutions  per  unit  time 
Ambient  static  pressure 
Ambient  vapor  pressure 
Torque 
Thrust 

Velocity  of  boat 
Speed  of  advance  V(1  - w) 

Thrust  deduction  fraction 
Wave  fraction 

Propeller  efficiency  n = Kj  • J/  Kg  • 2it 

Mass  density  of  water 

Cavitation  number  a = (P  - P^)/(**3V^) 


ft,  m 
ft,  m 


Ib/ft^,  N/m^ 
Ib/ft^^  N/m^ 
ft-lb,  N*m 
lb,  N 

ft/sec,  m/sec 
ft/sec,  m/sec 


Ib-sec^/ft^,  Kq/m^ 
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ABSTRACT 

Two  model  supercavltating  propellers  were  characterized  over  a range 
of  cavitation  numbers  and  advance  coefficients.  The  results  of  these 
characterizations  are  presented  In  curves  and  tabular  form.  The  propeller 
performance  as  predicted  from  these  experiments  Is  compared  to  design 
prediction.  It  was  found  that  one  of  the  propellers  would  reach  95 
percent  of  design  speed  at  design  rpm  whereas  the  other  propeller  would 
reach  109  percent  of  Its  design  speed  at  design  rpm. 


ADMINISTRATIVE  INFORMATION 

This  work  was  performed  under  Naval  Material  Command  funding. 
Program  Identification  at  the  David  W.  Taylor  Naval  Ship  R8D  Center  was 
Work  Unit  1-1500-200,  Task  Area  ZF  43421001.  and  Project  Element  62543N. 


INTRODUCTION 


David  Taylor  Naval  Ship  Research  and  Development  Center  (DTNSRDC) 
conducted  an  experimental  program  to  evaluate  two  present  day  methods  of 
supercavltating  propeller  design. 

Two  supercavltating  propellers  were  designed.  Independently,  for  a 
typical  200  ton  (181  metric  tons)  hydrofoil  craft.  The  propeller  design 
conditions  are  given  In  Table  1.  The  design  methods  are  published  In 
I References  1 and  2.*  The  propeller  design  characteristics  are  given  In 

: Table  2. 

I 

I Two  model  propellers  were  manufactured  at  DTNSRDC  from  these 

designs.  The  principal  dimensions  of  these  propellers  are  given  In  Table 

> 

{ 3,  and  drawings  of  the  propellers  are  shown  In  Figures  1 and  2.  After 

[ manufacture  the  propellers  were  measured  to  verify  the  manufacturing 

\ process.  Computer  plots  of  the  measured  values  of  blade  section  offsets 


* References  are  listed  on  page  4 


compared  to  design  values  are  given  for  the  0.7  R section  of  one  blade  of 
each  propeller  In  Figures  3 and  4.  The  sections  are  typical  of  all  the 
sections  of  all  the  blades. 


EXPERIMENTAL  PROCEDURE 

Cavitation  performance  characteristics  of  the  propellers  were 
obtained  In  the  36"  Variable  Pressure  Water  Tunnel.  Tunnel  water 
velocities  were  measured  on  the  tunnel  venturi  system.  The  scope  of  the 
experiments  Is  listed  In  Table  4. 

Tunnel  pressure  and  water  velocity  were  set  to  establish  each 
cavitation  number  and  then  propeller  revolutions  were  varied  to  cover  a 
range  of  speed  coefficients.  Propeller  thrust  and  torque  were  measured  at 
each  condition,  and  sketches  were  made  of  the  propeller  cavitation 
present.  The  Reynolds  numbers  during  the  experiments  ranged  from 
7.5  X 10^  to  5.6  X 10®. 

PRESENTATION  OF  DATA  AND  DISCUSSION 

The  thrust  and  torque  data  were  reduced  to  non-dimensional 
coefficients  ICj.  and  K^.  Propeller  efficiencies  were  calculated  from 
faired  values  of  Ky  and  The  cavitation  performance  characteristics  of 
the  two  propellers  are  presented  In  Tables  5 and  6. 

Curves  representing  the  faired  data  from  Tables  5 and  6 at  three 
cavitation  numbers  for  each  propeller  are  shown  In  Figures  5 and  6.  These 
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I i 

i curves  show  the  performance  of  Propellers  4698  and  4699  to  be  typical  of 

supercavltating  propellers.  Photographs  of  the  propellers,  at  their 
design-operating  condition,  are  shown  in  Figure  7 and  Figure  8. 

Curves  of  maximum  speed  thrust  loading  (Ky/J  ) have  been  added  to 

2 

the  performance  curves  (Figure  5 and  6).  The  intersection  of  the  Ky/J 
curve  and  the  Ky  curve  at  the  design  sigma  determines  the  predicted 
operational  point  for  each  propeller.  A comparison  between  the  design 
operational  points  and  the  points  determined  by  the  experimental  data  are 
listed  in  Table  7. 

Sketches  of  back  cavitation  present  on  the  propellers  at  two 
cavitation  numbers  are  given  in  Figures  9 and  10.  These  sketches  cover  a 
range  of  advance  coefficient  from  partially  cavitating  to  fully  cavitating 
conditions.  The  propellers  at  any  advance  coefficient  lower  than  those 

I 

shown,  at  the  same  cavitation  number,  would  also  be  fully  cavitating. 

? There  was  no  face  cavitation  present  on  either  propeller  over  the  range  of 

0 

I cavitation  numbers  and  advance  coefficients  covered  in  these  experiments. 

CONCLUSIONS 

Although  both  propellers  had  no  face  cavitation  and  had  essentially 
full  back  cavitation  at  the  design  operational  point  neither  propeller 
performed  as  predicted.  The  method  used  in  designing  Propeller  4698  over 
predicted  the  available  thrust.  Propeller  4698  would  require  5 percent 
more  rpm  and  19  percent  more  power  than  predicted  to  reach  design  speed. 
The  method  used  in  designing  Propeller  4699  under  predicted  the  available 
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thrust.  Propeller  4699  would  reach  design  speed  with  8 percent  less  rpm 
and  17  percent  less  power  than  predicted.  If  the  operating  point  Is 
defined  as  the  speed  and  rpm  where  the  propellers  absorb  the  available 
maximum  power.  Propeller  4698  would  operate  at  V = 55.6  knots  and 
rpm  = 1000;  while  the  operating  point  for  Propeller  4699  would  be  V = 61.0 
and  rpm  = 970.  The  propeller  efficiencies  at  these  conditions  are  52%  and 
73%,  respectively. 


REFERENCES 


1.  Bohn,  J.  and  Altmann,  R.,  "Two  Supercavltating  Propeller  Designs  for 
Hydrofoil  Ships,"  Hydronautics,  Inc.  Technical  Report  7607.01  (May  1976). 

2.  Baker,  Elwyn  S.,  "Engineering  Design  of  Two  Supercavltating  Propellers 
Using  Modified  Lifting  Surface  Programs,"  DTNSRDC  Report  SPD-680-01  (Aug 
1977). 
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Figure  1 - Drawing  of  Propeller  4698 


Figure  2 - Drawing  of  Propeller  4699 


Pleasured  Section  Shape  at  0.7  R of  Propeller  4699 


Figure  5 - Cavitation  Performance  of  Propeller  4698  at  Three  Cavitation  Numbers 
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ADVANCE  COEFFICIENT  J 

Figure  6 - Cavitation  Performance  of  Propeller  4699at  Three  Cavitation  Numbers 


Figure  7 - Photograph  of  Propeller  4698  at  Design  Condition 
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Figure  8 - Photograph  of  Propeller  4699  at  Design  Condition 
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Figure  9 - Sketches  of  Cavitation  Present  on  the  Back  of 
at  Two  Cavitation  Numbers 
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Propeller  4698 


13 


TABLE  1 

PROPELLER  DESIGN  CONDITIONS 


Power,  max.  cont. 

1 - t 

1 - "t 

Shaft  Centerline  at 
Design  Speed 

Maximum  D 

No.  of  Blades 

Design  Objective 

Minimum  Rotative  Speed 

Hump  Thrust  Margin 


16000  HP  (16213.3  Metric  HP)  for  two  propellers 

0.925 

0.870 

6.82  ft  (2.079  m) 

5 ft  (1.524  m) 

4 

maximum  speed 

750  rpm 

20% 


TABLE  2 

PROPELLER  DESIGN  CHARACTERISTICS 


Propeller  Number 

4698 

4699 

Designed  by 

Hydronautics,  Inc. 

DTNSRDC 

''s 

58.5  kts 

59.0  kts 

! 

1020 

1000 

; "t 

0.090 

0.0943 

1 j 

1.01 

1.04 

1 

0.34 

0.34 

i n 

0.62 

0.64 

J 
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I 

I 

I 
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TABLE  3 


MODEL  PROPELLER  GEOMETRY 


Propeller  Number 


4698 


4699 


Number  of  Blades  4 

Diameter,  Inches  (m)  16.000  (.4064) 

Pitch  at  0.7R, Inches  (m)  22.389  (.5687) 

P/D  at  0.7R  1.399 

Expanded  Area  Ratio  0.350 

Chord  Length  at  0.7R, Inches  (m)  3.421  (.0869) 


4 

16.000  (.4064) 
22.683  (.5761) 
1.418 
0.492 

4.547  (.1155) 


TABLE  4 

SCOPE  OF  EXPERIMENTS 


Propeller  4698 


0 

'fps 

J 

12.0 

15.0 

0.5-1. 3 

6.0 

15.0 

0.4-1. 5 

3.0 

30.0 

0.337-1.2 

0.4 

35.0 

0.7-1. 2 

0.34 

35.0 

0.7-1. 2 

0.3 

35.0 

0.7-1. 2 

Propeller  4699 


a 

%s 

0 

26.2 

15.0 

0.45-1.5 

3.0 

15.0 

0.3-1. 2 

1.5 

30.0 

0.5-1. 2 

0.75 

30.0 

0.5-1. 2 

0.4 

35.0 

0.7-1. 2 

0.34 

35.0 

0.7-1, 2 

0.3 

35.0 

0.7-1. 2 
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TABLE  5 


CAVITATION  PERFORMANCE  OF  PROPELLER  4698 
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TABLE  6 

CAVITATION  PERFORMANCE  OF  PROPELLER  4699 
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•9990 

• 139* 

.3*33 

.93*9 

• •490 

• **IA 

.414* 

• 9944 

•9990 

• U74 

• 3417 

.9911 

• 4990 

• ***4 

.9104 

•41*4 

•4990 

.194* 

• 3439 

•4*73 

•4490 

• *144 

.4114 

.0H3 

•4990 

• 1494 

.3700 

•4479 

.9990 

•*0ffl 

.44*4 

• 4944 

l•9#90 

#1490 

• 39*9 

.4499 

.9990 

• 149} 

.444% 

.4470 

1.9990 

• 141* 

.3794 

• 7174 

• 1990 

• 1431 

.4*71 

.4493 

UUOO 

• 1444 

.3999 

.7*03 

• 1490 

• 1491 

.3494 

.4994 

I«I90A 

#1*4* 

.3*77 

#3047 

• *990 

• 1*10 

.3990 

• 09ia 

l.*990 

• 1994 

• *449 

.479* 

9I0»4 

• .400 

919H4 

• .349 

J 

«T4»IT 

I9«0<1U7 

tfWtr 

J 

UTOllT 

I4«o4UT 

Wir 

• 7000 

• 11*9 

.*914 

.4441 

.7H4 

.11*9 

.*9*9 

.44*0 

• 7400 

• 1144 

• *9*4 

.99*9 

.7940 

.»»>! 

• *9I9 

.470* 

•9094 

• 1144 

.*914 

.9*99 

•9994 

pttPf 

.*9tl 

.999* 

•9494 

• I4M 

• *739 

.9337 

.9994 

• 1494 

.*744 

.9333 

•4994 

• 1449 

,*449 

.9939 

.4999 

• 1933 

• *444 

.9944 

•4494 

• 1444 

• *4*t 

•914* 

.4499 

•9449 

• *949 

• 94*4 

1.9494 

• 11*4 

.*449 

•4749 

1.9994 

• 1993 

• *949 

.4379 

1.9994 

• 1144 

.*74* 

.7394 

l«#990 

.1494 

.*949 

.4414 

I•I99• 

• 1*34 

.*944 

.3944 

1.1994 

• 11*4 

.*449 

• 3434 

1*1994 

• 1199 

.*993 

.3419 

1.1994 

.1139 

.*499 

.377* 

1*9994 

• 1499 

.*999 

.344* 

I.*### 

.4499 

.*4*0 

.3979 

J 

9741  It 

iMimuT 

tfftr 

.7990 

#1110 

•443* 

• 7099 

• lO^t 

.tin 

.4749 

• 1139 

.fit 

.9*9* 

.9400 

• 1144 

aiH 

•9490 

.4090 

• 1047 

.MM 

•9990 

.4494 

• UI9 

• Ml. 

•4117 

• 9090 

•0491 

• 44U 

.9490 

• 0479 

.»3« 

•44** 

• 1994 

• 1094 

.7944 

• 199" 

• 1119 

.MM 

• 9119 

• *990 

*0449 

.Mil 

• 7730 

BESFAVAIUBLE  COPY 
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TABLE  7 

PROPELLER  OPERATIONAL  POINTS 


Propeller  Number  4698  4699 


Design 

Model  Data 

Design 

Model  Data 

V kts 

58.5 

58.5 

59.0 

59.0 

J 

1.01 

0.96 

1.04 

1.13 

N 

1020 

1073 

1000 

920 

n 

0.62 

0.52 

0.64 

0.77 
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DTNSRDC  ISSUES  THREE  TYPES  OF  REPORTS 

1.  DTNSRDC  REPORTS,  A FORMAL  SERIES,  CONTAIN  INFORMATION  OF  PERMANENT  TECH 
NICAL  VALUE.  THEY  CARRY  A CONSECUTIVE  NUMERICAL  IDENTIFICATION  REGARDLESS  OF 
THEIR  CLASSIFICATION  OR  THE  ORIGINATING  DEPARTMENT. 

2 DEPARTMENTAL  REPORTS,  A SEMIFORMAL  SERIES,  CONTAIN  INFORMATION  OF  A PRELIM 
INARY,  TEMPORARY,  OR  PROPRIETARY  NATURE  OR  OF  LIMITED  INTEREST  OR  SIGNIFICANCE 
THEY  CARRY  A DEPARTMENTAL  ALPHANUMERICAL  IDENTIFICATION. 

3.  TECHNICAL  MEMORANDA,  AN  INFORMAL  SERIES,  CONTAIN  TECHNICAL  DOCUMENTATION 
OF  LIMITED  USE  AND  INTEREST  THEY  ARE  PRIMARILY  WORKING  PAPERS  INTENDED  FOR  IN 
TERNAL  USE  THEY  CARRY  AN  IDENTIFYING  NUMBER  WHICH  INDICATES  THEIR  TYPE  AND  THE 
numerical  code  of  THE  ORIGINATING  DEPARTMENT.  ANY  DISTRIBUTION  OUTSIDE  DTNSRDC 
MUST  BE  APPROVED  BY  THE  HEAD  OF  THE  ORIGINATING  DEPARTMENT  ON  A CASE  BY-CASE 
BASIS 


